Acute pancreatitis (AP) is a common acute abdominal disease characterized by pancreatic aseptic inflammation, with ~20% of patients progressing to severe AP (SAP) with a high mortality rate. The aim of this study was to explore the protective effects of Pim-3 proto-oncogene, serine/threonine kinase (Pim-3) on rat pancreatic acinar AR4-2J cells damaged by lipopolysaccharide (LPS). The recombinant plasmid p-enhanced green fluorescent protein (pEGFP)-N2/Pim-3 was transiently transfected into AR42J cells and the AR42J cells were then treated with 2 µg/ml LPS. Subsequently, the proliferation of AR42J cells was detected using MTT assay. The cell cycle progression and apoptosis rate of the AR42J cells were examined using flow cytometry. AR42J cell migration was assessed using wound healing assays. Additionally, RT-semi quantitative PCR and western blot analyses were used to detect the mRNA and protein expression levels, respectively, of Pim-3, interleukin (IL)-6, IL-1β, tumor necrosis factor (TNF)-α, intercellular adhesion molecule (ICAM)-1 and Occludin in AR42J cells. The results revealed that proliferation of AR42J cells was significantly enhanced and cell apoptosis was markedly reduced in the pEGFP-N2/Pim-3 + LPS group. The proportion of AR42J cells in G1 phase in the pEGFP-N2/Pim-3 + LPS group was decreased, whereas the proportion of cells in the G2 and S phases was increased. The wound healing assays demonstrated that AR42J cell migration was significantly increased in the pEGFP-N2/Pim-3 + LPS group. Finally, the expression levels of IL-6, IL-1β, TNF-α and ICAM-1 were significantly decreased in the pEGFP-N2/Pim-3 + LPS group, whereas the expression of Occludin was significantly increased. The present study demonstrated that raised expression levels of Pim-3 can protect AR42J cells from LPS-induced injury by modifying the inflammatory microenvironment, suggesting that Pim-3 may be a potential target for AP or SAP therapy.
Introduction
Acute pancreatitis (AP) is a common acute abdominal disease characterized by pancreatic inflammation, ranging from mild edema to severe tissue necrosis (1) . Severe AP (SAP) is the most serious type of AP, due to its high morbidity and mortality (2) . In recent years, the incidence of pancreatitis has increased worldwide. However, the pathophysiological mechanism behind AP is currently not fully understood. The protection of damaged pancreatic cells remains an important treatment for AP (3) . Previous studies have focused on developing drug therapies for AP, such as drugs that inhibit pancreatic secretions, suppress acid secretion or have anti-inflammatory effects (4) (5) (6) . However, for severe necrotizing pancreatitis, drug treatment is ineffective and mortality remains high. At present, researchers are investigating the molecular mechanisms and developing gene therapies for the treatment of AP or SAP (7) (8) (9) .
Pim-3 proto-oncogene, serine/threonine kinase (Pim-3) is a highly conserved serine/threonine kinase, which was originally considered to be a depolarization-inducing gene with numerous biological activities (10) . Studies have reported that Pim-3 is highly expressed in a variety of endoderm-derived cancers, such as hepatocellular carcinoma, pancreatic cancer and colon cancer (11) (12) (13) (14) . Pim-3 promotes cell proliferation and prevents apoptosis through the phosphorylation and inactivation of the apoptosis-promoting protein, BAD (15) . In addition, it has been confirmed that Pim-3 expression is significantly upregulated in abnormally proliferative pancreata, and the apoptosis of pancreatic cells is significantly enhanced after Pim-3 gene knockout (13) . Recent studies have shown that Pim-3 exerts protective effects on fulminant hepatic failure, intestinal mucosal damage and lipopolysaccharide (LPS)-stimulated hepatic stellate cell injury (16) (17) (18) .
Based on the aforementioned evidence, it was speculated that Pim-3 has a beneficial effect on pancreatic acinar cell injury. The purpose of the present study was to investigate the protective effect of Pim-3 on pancreatic cell injury induced by LPS and to investigate its potential mechanism.
Materials and methods
Materials and reagents. Rat pancreatic acinar AR42J cells were obtained from the American Type Culture Collection. Ham's F12 medium and LPS were purchased from Sigma-Aldrich; Merck KGaA. FBS was purchased from Gibco; Thermo Fisher Scientific, Inc. Vacant vector plasmid p-enhanced green fluorescent protein (pEGFP)-N2 and the recombinant plasmid pEGFP-N2/Pim-3 were provided generously by Jiangxi Provincial Key Laboratory of Molecular Medicine; these plasmids were described in previous studies (16, 17) . Liposome (Lipofectamine ® 2000) and TRIzol ® were purchased from Invitrogen; Thermo Fisher Scientific, Inc. G418 and MTT were purchased from Beijing Solarbio Science & Technology Co., Ltd. Annexin V-FITC was purchased from Invitrogen; Thermo Fisher Scientific, Inc. Propidium iodide (PI) was purchased from Sigma-Aldrich; Merck KGaA. DMSO was purchased from Amresco, LLC. Reverse transcription (RT) kit (M-MLV kit) was purchased from Fermentas; Thermo Fisher Scientific, Inc. PCR primers were synthesized by Generay Biotech Co., Ltd. 2X Taq PCR Master Mix was purchased from Tiangen Biotech Co., Ltd. Total protein extraction kit was purchased from Sangon Biotech Co., Ltd. BCA assay kit was purchased from Sigma-Aldrich; Merck KGaA. Anti-Pim-3 (cat. no. 4165; 1:1,000) primary antibody was purchased from Cell Signaling Technology. Primary antibodies against interleukin (IL)-6 (cat. no. sc-57315; 1:1,000), IL-1β (cat. no. sc-4592; 1:1,000), tumor necrosis factor (TNF)-α (cat. no. sc-12744; 1:1,000), intercellular adhesion molecule (ICAM)-1 (cat. no. sc-8439; 1:1,000), Occludin (cat. no. sc-133256; 1:1,000) and β-actin (cat. no. sc-81178; 1:1,000) were purchased from Santa Cruz Biotechnology, Inc. Horseradish peroxidase-conjugated secondary antibodies were purchased from OriGene Technologies, Inc.
Cell culture. AR42J cells were maintained in Ham's F12 medium containing 10% FBS, 100 U/ml penicillin, 100 µg/ml streptomycin and 400 µg/ml G418. The cells were routinely plated at a density of 1x10 5 cells/ml in 6-well cluster dishes and incubated in a humidified incubator at 37˚C with 95% atmospheric air and 5% CO 2 .
Transfection and LPS treatment. Prior to plasmid transfection, 1x10 5 AR42J cells were seeded onto a 35 mm-dish in 2 ml Ham's F-12 medium supplemented with 10% FBS, without antibiotics, and cultured to 90% confluence at 37̊C with 95% air and 5% CO 2 . The cells were subsequently transfected with 4 µg/ml pEGFP-N2 or pEGFP-N2/Pim-3 in the presence of Lipofectamine ® 2000 at room temperature. In the control group, culture medium alone was added to the cells. After 4 h, the medium was refreshed with Ham's F12 medium containing 10% FBS, and the cells were incubated for 48 h at 37̊C with 95% air and 5% CO 2 . GFP was observed under a fluorescence microscope. The proliferation of AR42J cells treated with various concentrations of LPS (24, 36 and 48 h) was analyzed, and the 2 µg/ml dose was selected for subsequent experiments. After plasmid transfection, AR42J cells were divided into six groups for subsequent experiments: i) Control group, untransfected AR42J cells without LPS treatment; ii) LPS group, untransfected AR42J cells treated with 2 µg/ml LPS; iii) pEGFP-N2 group, AR42J cells transfected with empty vector pEGFP-N2; iv) pEGFP-N2 + LPS group, AR42J cells transfected with empty vector pEGFP-N2 and treated with 2 µg/ml LPS; v) pEGFP-N2/Pim-3 group, AR42J cells transfected with recombinant plasmid pEGFP-N2/Pim-3; and vi) pEGFP-N2/Pim-3 + LPS group, AR42J cells transfected with recombinant plasmid pEGFP-N2/Pim-3 and treated with 2 µg/ml LPS.
MTT assay. AR42J cells in each group were treated with LPS for 24, 36 and 48 h at 37̊C with 95% air and 5% CO 2 , and then 1x10 4 cells/well were inoculated in a 96-well culture plate. The cells were washed with PBS and incubated with 5 mg/ml MTT in 20 µl PBS at 37˚C for 4 h. Subsequently, 150 µl DMSO was added to stop the reaction. The absorbance was measured at 492 nm using a spectrophotometer after 10 min. Each independent experiment was performed three times and data are presented as mean ± SD.
Detection of apoptosis.
After 48 h of LPS treatment, the AR42J cells in each group were trypsinized and collected by centrifugation at 37˚C for 5 min at a speed of 1,000 x g. The cells were washed twice with PBS. At least 1x10 5 cells were re-suspended in 500 µl binding buffer (Invitrogen; Thermo Fisher Scientific, Inc.). Annexin V-FITC (5 µl) and 5 µl PI were added to the cell suspension. Finally, the cells were incubated in the dark at room temperature for 15 min. A FACSCalibur flow cytometer (BD Biosciences) was used to detect the apoptotic rate of cells, including the early apoptotic rate (right lower quadrant) and the late apoptotic rate (right upper quadrant). BD CellQuest™ Pro software version 5.1 (BD Biosciences) was used to analyze the data.
Cell cycle assay. After 48 h of LPS treatment, AR42J cells in each group were digested with trypsin and collected by centrifugation at 37˚C for 5 min at a speed of 1,000 x g. The supernatant was subsequently discarded, and the cells were washed 3 times with PBS. The cells were incubated with propidium iodide (PI) stain buffer for 10 min and then treated with 200 µl of PBS, 200 µl of RNase A and 200 µl of PI for 10 min at 4˚C in the dark. Finally, the distribution of cells in each of the cell cycle phases were analyzed using a FACSCalibur flow cytometer (BD Biosciences). Data were acquired and analyzed using the ModFit™ software (version 4.1; Verity Software House, Inc.).
Wound healing assay. Following transfection, AR42J cells were seeded at 4x10 5 per well in 12-well plates and incubated at 37˚C to reach 100% confluence. A longitudinal scratch of equal width was created by scratching the cell surface with a 1 ml pipette tip. The floating cells were washed away with PBS. Subsequently, the cells were incubated with Ham's F-12 with 2% FBS and 2 µg/ml LPS for 48 h at 37˚C. The wound healing was observed under a light microscope, and the image of the closed area was taken immediately after injury. The ability of cells to close the wound was calculated by measuring the average distance between the wound edge of the scratched space and calculating the percentage closure compared to the starting width through the equation: (0-48 h)/0 h x100. Each independent experiment was performed three times and data are presented as mean ± SD.
RT-PCR.
After 48 h of LPS treatment, total RNA was extracted from AR42J cells in each group using TRIzol ® , according to the manufacturer's protocol. A total of 2 µg RNA was used as the template to synthesize first-strand cDNA using a M-MLV RT kit. The reverse transcription temperature protocol used was 37˚C for 15 min and 85˚C for 30 sec. The PCR primer sequences were designed using Primer Premier 5.0 software (PREMIER Biosoft; Table I ). PCR was performed with 500 ng cDNA, 1 µl sense primer, 1 µl antisense primer and 12.5 µl 2X Taq PCR MasterMix; ddH 2 O was added to create a final volume of 25 µl. PCR was performed using the following thermal cycling conditions: Pre-denaturation at 94˚C for 5 min; 35 cycles of denaturation at 94˚C for 45 sec, primer annealing at 55˚C for 45 sec, primer extension at 72˚C for 55 sec; and a final extension at 72˚C for 7 min. PCR products were electrophoresed on a 1.5% agarose gel and stained with ethidium bromide and subjected to densitometric scanning, and the bands were semi-quantified with NIH Image 1.62 (National Institutes of Health). The mRNA expression levels were normalized to β-actin.
Western blot analysis. After 48 h of LPS treatment, total protein was extracted using a total protein extraction kit and the protein concentration was measured using the BCA assay kit, according to the manufacturer's protocol. A total of 30 µg protein was loaded on a 10% SDS-polyacrylamide gel, electrophoresed and transferred onto a nitrocellulose membrane. Membranes were blocked in 5% non-fat milk for 1 h at room temperature. The membranes were probed with Pim-3, IL-6, IL-1β, TNF-α, ICAM-1, Occludin or β-actin antibodies overnight at 4˚C, followed by incubation with horseradish peroxidase-conjugated secondary antibodies at room temperature for 2 h. Antibody probes on the membranes were detected using an ECL substrate kit (Shanghai Xuanling Biotechnology Co., Ltd.) and exposed to X-ray film. Semi-quantification of bands was carried out by scanning the films. The densities of the protein bands were quantified using ImageJ 1.8.0 software (National Institutes of Health). β-actin was used as a loading control.
Statistical analysis. All experiments in this study were repeated at least three times, and the final data are presented as mean ± SD. Statistical significance was evaluated using one-way ANOVA among ≥3 groups and LSD t-test post hoc test between 2 groups, using SPSS 19.0 (IBM Corp.). P<0.05 was considered to indicate a statistically significant difference.
Results
pEGFP-N2 and pEGFP-N2/Pim-3 plasmids were successfully transfected into AR42J cells. In the presence of Lipofectamine ® 2000, pEGFP-N2 or pEGFP-N2/Pim-3 plasmids were transiently transfected into the AR42J cells. After 48 h, these cells were observed using a fluorescence microscope. As shown in Fig. 1 , the cells were successfully transfected with pEGFP-N2 and pEGFP-N2/Pim-3 as shown by EGFP + green fluorescence. Fig. 2A , AR42J cell proliferation was measured following treatment with 1, 2 and 4 µg/ml LPS using MTT assays. A concentration of 1 µg/ml LPS had little effect on the proliferation of AR42J cells, and there was no significantly difference compared to the control group. A concentration of 4 µg/ml LPS had a fatal effect on the AR42J cells and the cell viability was considered too poor to continue with this treatment. A concentration of 2 µg/ml LPS had a pronounced effect on the proliferation of AR42J cells and cell viability recovered significantly after 48 h of LPS treatment. Notably, 2 µg/ml LPS was the most suitable concentration and selected for subsequent experiments. Pim-3 increases the proliferation of impaired AR42J cells. As shown in Table II and Fig. 2B , the optical density (OD) of the pEGFP-N2/Pim-3 + LPS group was higher than that in the LPS group and the pEGFP-N2 + LPS group (LPS for 24 and 36 h, P<0.01; LPS for 48 h, P<0.05). The OD value in the LPS group was significantly lower than that in the control group (P<0.01). There was no significant difference in OD value between the control group, the pEGFP-N2 group and the pEGFP-N2/Pim-3 group (P>0.05). These results indicated that Pim-3 increased the proliferation of injured pancreatic cells, but had no effect on normal pancreatic cells.
LPS-treated AR42J cells exhibit a dose-dependent reduction in cell proliferation. As shown in

Pim-3 inhibits the apoptosis of AR42J cells following LPS treatment.
The total apoptosis rate of AR42J cells in the pEGFP-N2/Pim-3 + LPS group was significantly lower than that in the LPS group and the pEGFP-N2 + LPS group (P<0.01). The total apoptosis rate in the LPS group was higher than that in the control group (P<0.01). There was no significant difference in the total apoptosis rate between the control group, the pEGFP-N2 group and the pEGFP-N2/Pim-3 group (P>0.05; Fig. 2C and D) .
Pim-3 can regulate cell cycle progression of AR42J cells after LPS treatment. The percentage of AR42J cells in G1 phase
in the pEGFP-N2/Pim-3 + LPS group decreased significantly, whereas the proportion of cells in the S and G2 phases increased compared with in the LPS group and the pEGFP-N2 + LPS group (P<0.05, P<0.05 and P<0.01, respectively). The proportion of cells in the G1 phase in the LPS group was significantly increased, whereas the proportion of cells in the S and G2 phases was decreased compared with in the control group (P<0.01). There was no significant difference in the proportions of cells in the various cell cycle phases between the control group, the pEGFP-N2 group and the pEGFP-N2/Pim-3 group (P>0.05) ( Fig. 2E and F) . Fig. 3A and B , LPS significantly inhibited the migration of AR42J cells (LPS group vs. control group, 51.53±0.49% vs. 77.52±0.97%, P<0.01). Whereas, the migration of AR42J cells in the pEGFP-N2/Pim-3 + LPS group was markedly increased compared with in the LPS group and the pEGFP-N2 + LPS group (pEGFP-N2/Pim-3 + LPS group vs. LPS group or pEGFP-N2 + LPS group, 68.68±1.11% vs. 51.53±0.49% or 55.12±1.87%, respectively, P<0.01). There was no significant difference in cell migration between the control group, the pEGFP-N2 group and the pEGFP-N2/Pim-3 group (P>0.05). Table II . Effects of Pim-3 on AR42J cell proliferation following LPS treatment. Pim-3 regulates IL-6, IL-1β, TNF-α, ICAM-1 and Occludin mRNA expression in the impaired AR42J cells. The relative mRNA expression levels of Pim-3 in the pEGFP-N2/Pim-3 group and the pEGFP-N2/Pim-3 + LPS group were markedly elevated compared with in the control group, the pEGFP-N2 group, the LPS group and the pEGFP-N2 + LPS group (P<0.01). The mRNA expression levels of IL-6, IL-1β, TNF-α and ICAM-1 in the LPS group were significantly increased compared with in the control group, whereas Occludin mRNA expression was significantly decreased (P<0.01). However, the mRNA expression levels of IL-6, IL-1β, TNF-α, and ICAM-1 in the pEGFP-N2/Pim-3 + LPS group were significantly decreased compared with in the LPS group and the pEGFP-N2 + LPS group (P<0.01, P<0.01, P<0.05 and P<0.01, respectively), whereas the expression levels of Occludin mRNA were increased (P<0.05). There was no significant difference between the mRNA expression levels of all of the measured transcripts between the control group, the pEGFP-N2 group and the pEGFP-N2/Pim-3 group (P>0.05) ( Fig. 4A and B) .
Pim-3 promotes impaired AR42J cell migration. As shown in
Optical density
Pim-3 regulates IL-6, IL-1β, TNF-α, ICAM-1 and Occludin protein expression in the impaired AR42J cells. As shown in Fig. 4C and D, the relative protein expression levels of Pim-3 in the pEGFP-N2/Pim-3 group and pEGFP-N2/Pim-3 + LPS group were significantly increased compared with in the control group, the pEGFP-N2 group, the LPS group and the pEGFP-N2 + LPS group (P<0.01). The protein expression levels of IL-6, IL-1β, TNF-α, and ICAM-1 were markedly elevated in the LPS group compared with in the control group, whereas Occludin protein expression was reduced after LPS treatment (P<0.01). Conversely, the relative protein expression levels of IL-6, IL-1β, TNF-α and ICAM-1 in the pEGFP-N2/Pim-3 + LPS group were markedly reduced compared with the LPS group and the pEGFP-N2 + LPS group (P<0.01, P<0.05, P<0.01 and P<0.01, respectively), whereas Occludin protein expression was increased (P<0.05). There was no significant difference in protein expression levels of IL-6, IL-1β, TNF-α, ICAM-1 and Occludin between the control group, the pEGFP-N2 group and the pEGFP-N2/Pim-3 group (P>0.05).
Discussion
AP is a common acute abdominal malignancy. A previous study found that ~30% of patients with AP will experience severe attacks, which are associated with a high mortality rate (19) . AP manifests as localized inflammation, which is amplified by the action of various inflammatory mediators, such as cytokines, reactive oxygen species, chemokines, leukocyte adhesion molecules and lipids, resulting in pancreatic inflammation (20) (21) (22) . The present study also showed that the expression levels of IL-6, IL-1β, TNF-α, and ICAM-1 in AR42J cells stimulated by LPS were markedly higher than in the control group. Although the pathogenesis behind AP or SAP has been extensively studied, the exact mechanism of action has not been fully elucidated. Because the pathogenesis is still unclear, AP presents a common clinical challenge (23) .
Pim-3 is a serine/threonine kinase, which is involved in numerous cellular processes, including cell proliferation, survival and apoptosis (24) . Pim-3 is overexpressed in cancerous tissue of endoderm-derived organs, such as the liver, pancreas, stomach and colon (12) (13) (14) 25) . Pim-3 can regulate the proliferation, survival, angiogenesis and apoptosis of pancreatic cancer cells (26) . Furthermore, downregulating Pim-3 expression causes pancreatic cancer cells to become more sensitive to chemotherapy and radiotherapy (27, 28) . Recent studies have demonstrated that Pim-3 has protective effects on fulminant hepatic failure, damaged intestinal mucosa and LPS-stimulated hepatic stellate cells (16) (17) (18) . In this present study, it was found that Pim-3 could prevent the apoptosis of pancreatic acinar cells injured by LPS and promote the survival of pancreatic acinar cells. In addition, Pim-3 regulated the cell cycle of pancreatic acinar cells and enhanced their motor ability, appearing to protect the damaged AR42J cells.
Proinflammatory cytokines, including IL-6, IL-1β and TNF-α, are considered to serve a prominent role in the occurrence and progression of AP or SAP. Previous studies have reported that IL-6 has a crucial role in the early stages of inflammation, and TNF-α, another important inflammatory factor, can mediate the initiation and progression of AP (29) (30) (31) . IL-1β and TNF-α serve an important role in the pathogenesis of AP or SAP, leading to inflammation, edema and necrosis (32) . Adhesion molecules are thought to be involved in activating leukocyte rolling, binding to vascular tissue and initiating inflammatory cascade (33) . ICAM-1 is an important adhesion molecule in regulating leukocyte adhesion (34) . During inflammation, ICAM-1 binds to integrin subunit αL and integrin subunit β2, two integrins expressed by leukocytes, promoting cell adhesion and transepithelial migration (35) . It has been reported that ICAM-1 expression is elevated during AP and its expression levels are closely related to the severity of the disease (36, 37) . Tight junctions are the major apical structures of epithelial and endothelial cells, playing an important role in the cell barrier by forming intercellular contacts and physically blocking paracellular pathways (38, 39) . Occludin is an important structural protein in the tight junctions of endothelial cells. Occludin forms a tight extracellular zipper by bringing opposing outer membrane surfaces of cells in contact to regulate barrier function. It can also bind to various molecules and induce signaling pathways, allowing Occludin to participate in the regulation of tight junction formation (40) . In caerulein-induced AP rats, the loss of Occludin precedes the elevation of serum lipase and amylase, and is linked with an increase in extracellular permeability, suggesting that Occludin may serve an important role in pancreatic barrier function (41, 42) . The present study also revealed that the expression levels of IL-6, IL-1β, TNF-α and ICAM-1 were markedly increased in pancreatic acinar cells after LPS stimulation, whereas the expression of Occludin was significantly reduced after LPS intervention. These results also showed that the transfection of exogenous Pim-3 into the AR42J cells prior to LPS treatment, not only significantly reduced the expression of pro-inflammatory cytokines, such as IL-6, IL-1β, TNF-α, and ICAM-1, but also promoted the expression of Occludin, thus abating the pancreatic injury mediated by LPS.
In summary, the present study revealed that exogenous Pim-3 could alleviate pancreatic acinar cell injury induced by LPS by reducing the expression of IL-6, IL-1β, TNF-α and ICAM-1, and promoting Occludin expression. Pim-3 may function to protect damaged pancreatic acinar cells through regulating the inflammatory responses in the microenvironment. As such, Pim-3 has a great potential for use as a therapeutic gene for treating AP or SAP.
